Abstract. Bladder cancer is the most common malignancy of the urinary system and is also one of the 10 most common cancers of the human body. Currently, clinical treatment of bladder cancer mainly utilizes partial or total cystectomy, supplemented by conventional chemotherapy. However, such treatment has not fully improved the prognosis of patients and is associated with various side effects. Studies have found that flavonoids extracted from plants can be used in radiotherapy and chemotherapy for the prevention of postoperative recurrence and metastasis but also alone for the treatment of advanced tumors. Both applications can ameliorate clinical symptoms, improve the quality of life, and prolong the survival of patients. Based on the above information, the present study investigated the effect of isoquercitrin, a type of flavonoid found in Bidens pilosa L. extracts, on bladder cancer progression, with the goal of understanding the biological characteristics of isoquercitrin by which it participates in bladder cancer progression. Using in vitro experiments, we found that therapeutic doses of isoquercitrin significantly inhibited cell proliferation and induced apoptosis in human bladder cancer cells and that the cell cycle was arrested in the G1 phase. Isoquercitrin inhibited phosphatidylinositol 3-kinase (PI3K) and Akt phosphorylation expression levels, thus inhibiting proliferation and inducing apoptosis in the cancer cells. In addition, we found that isoquercitrin reduced protein kinase C (PKC) protein expression levels in the human bladder cancer cell lines. We also showed via in vivo experiments that isoquercitrin inhibited xenograft tumor growth in nude mice.
Introduction
Bladder cancer is one of the most common urologic malignancies, affecting the quality of life of patients. Across the globe, the incidence of bladder cancer is ranked ninth among all malignant tumors (1). In particular, the incidence and mortality rates of bladder cancer have remained extremely high in recent years in developing countries, including China, seriously threatening the health of patients (2) . With the current progress in medical science, there are relatively advanced regimens for the treatment of bladder cancer. However, due to the fact that the clinical manifestations of bladder cancer are similar to those of benign urinary diseases, patients are often reluctant to seek treatment and can miss the optimal treatment time. In addition, due to the lack of effective treatment methods for bladder cancer recurrence and metastasis, the postoperative survival of patients and their quality of life are still not well protected (3) . Bladder cancer is insensitive to radiotherapy and chemotherapy, and many bladder cancer patients require surgery. Currently, the most commonly used chemotherapy drugs include methotrexate, vinblastine, doxorubicin and cisplatin. It is well known that these chemotherapy drugs can cause serious side effects, severely affecting the quality of life of patients resulting in considerable patient suffering (4) . Inadequate methods to effectively improve the quality of life of patients and their survival have always been a major issue in the treatment of bladder cancer. Therefore, it is critical to discover novel medications that can effectively fight bladder cancer and also reduce the suffering of these patients.
Traditional Chinese medicine is an important part of the splendid Chinese culture and is also the essence of world civilization. This tradition is based on the principle of syndrome differentiation and treatment and applies a variety of treatment methods, including traditional Chinese herbal medicine, acupuncture, and massage, so that the body reaches the yin and yang balance and achieves rehabilitation (5) . Currently, traditional Chinese medicine is one important irreplaceable means of treating cancer (6) . After decades of effort, major breakthroughs have been achieved in utilizing traditional Chinese medicine together with radiotherapy and chemotherapy to increase efficacy, attenuate toxicity, and prevent and treat postoperative metastasis as well as recurrence but also as an independent method to treat advanced cancer. Moreover, traditional Chinese medicine has been proven to ameliorate clinical symptoms, improve the quality of life of patients, and prolong long-term survival (7) . The search for natural plants and animals with active anticancer constituents with low toxicity and high efficacy has been one research emphasis in recent years among scientists in China and abroad. After a review of the extensive literature, we found that isoquercitrin, a type of flavonoid in Bidens pilosa L. extracts, exhibits various inhibitory effects on the proliferation and apoptosis of a variety of tumor cell types, including human gastric and hepatic cancer cells (8) (9) (10) (11) (12) . A recent study found that isoquercitrin exhibited growth inhibitory effects on human bladder cancer cells, but the inhibitory mechanism remains unclear (13) . Therefore, the main aim of this study was to ascertain, via in vivo and in vitro experiments, the mechanism by which isoquercitrin inhibits the occurrence and development of bladder cancer.
The occurrence of bladder cancer is associated not only with abnormal cell proliferation and differentiation but also with abnormalities in apoptosis. The proliferation and apoptosis of tumor cells are subject to the targeted regulation of multiple genetic pathways. Recent studies have found that the phosphatidylinositol 3-kinase (PI3K)/Akt and protein kinase C (PKC) signaling pathways play an important role in the malignant proliferation, metastasis and angiogenesis of human bladder cancer as well as in the resistance to radiotherapy and chemotherapy (14) , suggesting that numerous receptors and protein kinases in the PI3K/Akt pathway and the PKC protein may be potential targets for anticancer drugs (15) . Many studies in China and abroad have shown that flavonoids can inhibit tumor cell proliferation, induce apoptosis of tumor cells, and regulate the expression of related genes, thus blocking tumor cell occurrence and development (15) (16) (17) . In summary, our group hypothesized that the effective monomer isoquercitrin from Bidens extract might promote bladder cancer cell apoptosis and regulate the cell cycle by inhibiting the PI3K/ Akt and PKC pathways. We explored the therapeutic effect and mechanism of isoquercitrin in treating bladder cancer to provide a theoretical basis for the clinical application of this type of drug.
Materials and methods
Cell culture. The human bladder cancer cell lines 5637 and T24 were purchased from the American Type Culture Collection (ATCC, Manassas, VA, UsA). The above cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum (Fbs) and maintained at 37˚C in 5% Co 2 culture incubators under saturated humidity conditions. The RPMI-1640 medium and FBS were obtained from Gibco (USA).
Antibodies and reagents. Isoquercitrin (≥98% purity) was purchased from sigma (UsA). An Annexin V-FITC apoptosis detection kit was supplied by BD Biosciences (USA). Antibodies to phosphorylated PI3K, phosphorylated Akt, and PKC were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA); an RT-PCR kit originated from Takara (Japan); and a caspase viability assay kit was purchased from Beyotime Biotechnology (China).
Cell viability test.
Bladder cancer cells were obtained during the logarithmic growth phase and digested with 0.25% trypsin-EDTA; washed with PBS, prepared as a single-cell resuspension using RPMI-1640 medium containing 10% Fbs; and seeded in 96-well plates (1x10 4 cells/well). The cells were placed overnight in CO 2 incubators. The supernatant was aspirated, and isoquercitrin was added to produce final concentrations of 0, 100, 200, 400, and 800 µM. blank wells were established by adding only culture medium to each well. Each condition included six duplicate wells, and the cells were cultured for 24, 48, and 72 h. Four hours prior to testing, the supernatant was discarded, 20 µl of MTT (0.5 mg/ml) was added to each well, and the cells were cultured in 37˚C incubators for 4 h. A total of 100 µl of dimethyl sulfoxide (DMso) was then added to each well, and the optical density (OD) value at a wavelength of 490 nm was measured for each well using a microplate reader.
Annexin V-FITC/PI double-staining flow cytometry for detection of cell apoptosis. Cells in the logarithmic growth phase were seeded in 6-well plates, and the cell density was adjusted to 1x10 6 cells/well. Once the cells became adherent, the cell culture medium was replaced with medium containing different concentrations of isoquercitrin. After treatment with isoquercitrin for 48 h, the cells were digested with trypsin, and the cell suspension was collected and combined with 5 µl of Annexin V-FITC and then 10 µl of propidium iodide (PI). After mixing, the cells were incubated for 15 min at room temperature in the dark and then detected using a flow cytometer. Each experiment was repeated three times.
Determination of caspase activity. Different concentrations of isoquercitrin (0, 100, 200, 400, and 800 µM) were used to treat the 5637 and T24 cells for 48 h. The cells were collected, and the caspase-3, caspase-8, and caspase-9 activities were measured according to the manual of the caspase detection kit, using a fluorescence spectrophotometer at an excitation wavelength of 400 nm and emission wavelength of 505 nm.
Cell cycle analysis. Cells in the logarithmic growth phase were seeded in 6-well culture plates at a density of 1x10 6 cells/well. Once adherent, the cells were cultured in medium containing different concentrations of isoquercitrin. After 48 h of isoquercitrin treatment, the cells were digested with trypsin, placed in suspension, mixed with cold 75% ethanol, and fixed for more than 18 h at 4˚C. The cells were then washed twice with Pbs and mixed with 50 mg/l of Rnase. After a 30-min treatment at 37˚C, the cells were placed in an ice bath for 2 min, mixed with 50 mg/l of PI dye, stained in darkness at 4˚C for 30 min, and detected using a flow cytometer. Cellquest software was used to analyze the cell cycle distribution of each group.
Western blot analysis. Cells from the various groups were collected, washed twice with cold PBS, and then added to cell lysis buffer. The cells were then placed on ice for 15 min, followed by centrifugation at 12,000 rpm for 15 min at 4˚C. The supernatant was collected to extract total protein.
The bicinchoninic acid (BCA) method was used for protein quantification. After loading, the samples underwent gel electrophoresis at 90 V and 4˚C. The samples were run in stacking gel until bromophenol blue reached the bottom of the resolving gel, which required ~45 min. The power was then turned off, and the samples were transferred to a membrane at 100 V for 2 h. The membrane was stained with Ponceau and blocked in 5% fat-free milk at 37˚C for 1 h on a shaker. The primary antibody was diluted in Tris-buffered saline with Tween-20 (TBST) and added to the membrane for overnight incubation at 4˚C. The dilution ratios for the primary antibodies were 1:500 for the phosphorylated PI3K antibody, 1:1,000 for the phosphorylated Akt antibody, and 1:600 for the PKC antibody. The western blot membrane was incubated in secondary antibodies at 37˚C for 1 h and washed 4 times with TbsT on a shaker, with 15 min per wash. Chemiluminescence was developed in the darkroom, and the film was exposed and developed before data analysis. The grayscale ratio of the target protein to β-actin was used to represent the protein expression level.
RT-PCR.
Total RnA was extracted from each group of cells. Reverse transcription was conducted after verifying the purity and integrity of the total RNA. After calculating the concentration of RNA, the RT-PCR kit (Takara) was used for RT-PCR reactions, and the procedures were performed according to the manual. The β-actin and PKC primers were synthesized by Invitrogen. The β-actin upstream primer was 5'-AAGGAAGG CTGGAAGAGTGC-3' and the downstream primer was 5'-CTGGGACGACATGGAGAAAA-3'. The PKC upstream primer was 5'-TGAATCCTCAGTGGAATGAGT-3' and the downstream primer was 5'-GGTTGCTTTCTGTCTTCT GAA-3'. The volume of the PCR reaction system was 50 µl, and the reaction conditions were as follows: 94˚C for 2 min and a total of 32 cycles of denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec, and extension at 72˚C for 30 sec. The obtained PCR products were electrophoresed on 1.0% agarose gel and scanned and analyzed using a gel imaging system.
Nude mouse inoculation. The animal experimental protocol was approved by the Dalian Medical University Ethics
Committee. A total of 20 male nude mice that were approximately 6-8 weeks old and 20 g in weight were purchased from the Dalian Medical University Experimental Animal Center. The mice were randomly divided into two groups of 10 per group: the control group and the isoquercitrin group. After tumor formation, the mice were orally administered isoquercitrin daily, and the tumor growth conditions and size were respectively observed and measured at 7, 14, 21 and 28 days of isoquercitrin administration. The nude mice were euthanized by cervical dislocation after 4 weeks, and the subdermal xenograft tissues were dissected under sterile conditions to measure various indices.
Statistical analysis. We used the Statistical Package for the Social Sciences (SPSS) software, version 18.0, for statistical analysis. The measurement data are expressed as mean ± standard deviation, and the count data are expressed as percentages. Comparison among groups was performed using single-factor analysis of variance, and comparison between two groups was performed using a q test, with p<0.05 indicating statistical significance.
Results
Isoquercitrin-mediated inhibition of bladder cancer cell proliferation. Different doses of isoquercitrin (0, 100, 200, 400, and 800 µM) were used to treat the 5637 and T24 human bladder cancer cells for 24, 48, and 72 h. MTT assay was used to measure cell viability. We found that isoquercitrin inhibited the proliferation of the 5637 and T24 human bladder cancer cells in a time-and dose-dependent manner (Fig. 1) . As the concentration of isoquercitrin increased from 0 to 800 µM, the A490 values of the 5637 and T24 human bladder cancer cells gradually decreased, and the decrease was most significant at 400 µM.
Isoquercitrin-mediated induction of apoptosis in bladder cancer cells. To confirm that isoquercitrin can induce apoptosis in bladder cancer cells, we used a therapeutic dose of isoquercitrin to treat 5637 and T24 cells for 48 h and then applied Annexin V-FITC/PI double-staining flow cytometry to measure 5637 and T24 cell apoptosis. We found that, compared with the control group, a therapeutic dose of isoquercitrin led to a gradual increase in the numbers of apoptotic 5637 and T24 cells (Fig. 2A) . In addition, we also found that a therapeutic dose of quercetin could increase the activity of caspase-3, caspase-8 and caspase-9 significantly (Fig. 2b) .
Inhibition of bladder cancer cell proliferation by isoquercitrin via the PI3K/Akt signaling pathway.
To explore the molecular mechanism by which isoquercitrin inhibits bladder cancer cell proliferation, we used a therapeutic dose of isoquercitrin to treat 5637 and T24 cells for 48 h and then used western blot analysis to detect changes in expression and phosphorylation levels of PI3K/Akt pathway proteins. We found that the phosphorylation levels of PI3K and Akt decreased following treatment with a therapeutic dose of isoquercitrin (Fig. 3) . Our results suggest that isoquercitrin inhibits protein phosphorylation in the PI3K/Akt pathway, thereby promoting apoptosis in bladder cancer cells.
Isoquercitrin-mediated promotion of bladder cancer cell apoptosis via the inhibition of the PKC signaling pathway.
To further investigate the molecular mechanisms by which isoquercitrin suppresses the proliferation of bladder cancer cells, we treated 5637 and T24 cells with isoquercitrin for 48 h and then used RT-PCR and western blot analysis to detect changes in PKC mRnA and protein expression levels. We found that the PKC gene and protein expression levels were significantly decreased after isoquercitrin treatment (Fig. 4) .
Our results suggest that isoquercitrin may inhibit bladder cancer cell proliferation by downregulation of PKC.
Isoquercitrin-mediated cell cycle arrest of bladder cancer cells in the G1 phase.
To investigate whether isoquercitrin regulates cell cycle changes in bladder cancer cells, we used a therapeutic dose of isoquercitrin to treat 5637 and T24 cells for 48 h and then detected cell cycle changes by flow cytometry. We found that a therapeutic dose of isoquercitrin resulted in reduced numbers of 5637 and T24 cells entering the S and G2/M phases, that most of the cells were arrested in the G1 phase, and that cyclin proteins, such as CDK4, CDK6 and cyclin D1, were also significantly reduced (Fig. 5) . our results suggest that the anticancer effect of isoquercitrin on bladder cancer might be mediated through cell cycle arrest.
Isoquercitrin inhibits xenograft growth in nude mice. We found that the tumor volume in the isoquercitrin treatment group was significantly smaller than that of the control group at any time point. The weight of the surgically removed tumors was also significantly lower in the isoquercitrin treatment group compared with that in the control group (Fig. 6) . These results strongly suggest that isoquercitrin significantly inhibits the progression of bladder cancer in vivo. 
Discussion
Bidens pilosa L. is one of the common folk herbs in China, and this herb has detoxification effects, activates blood flow and removes blood stasis. The main uses of this herb include the treatment of upper respiratory tract infections, sore throat, acute appendicitis, acute jaundice hepatitis, gastroenteritis, rheumatoid joint pain and malaria, as well as the topical treatment of boils, snake bites, bruises and swelling. The Bidens plant is easy to grow and is distributed in provinces and autonomous regions of eastern, central, southern, and southwestern China. In recent years, this plant has been commonly used in folk medicine to treat high blood pressure, high cholesterol, diabetes, liver fibrosis, tumor, and other diseases, with good efficacies (18) (19) (20) . Ma et al (21) and Zhong et al (22) utilized macroporous adsorptive resins and high-performance liquid chromatography (HPLC) to separate the main components of total flavones in Bidens and proved that these components mainly consist of isoquercitrin and hyperoside. With the rapid development of the national economy, China's traditional culture is gradually being understood abroad, and Chinese medicine has become an increasingly popular research topic. Currently, isoquercitrin is widely used in various tumor adjuvant therapies. It is well known that the morbidity and mortality rates of various types of malignant tumors have increased yearly, that the age of cancer onset also shows a decreasing trend, and that bladder cancer is no exception to these generalizations (23) . The tumorigenesis of bladder cancer is closely related to the abnormal proliferation and apoptosis of bladder cancer cells. The abnormal proliferation of bladder cells is closely related to many signaling pathways. After a review of the relevant literature, we found that isoquercitrin is involved in various signaling pathways and inhibits certain targets in these signaling pathways, thereby inhibiting tumor cell proliferation and inducing apoptosis. However, although it has been found that isoquercitrin also has certain inhibitory effects on bladder cancer, the underlying mechanism is unclear. In this study, we used in vivo and in vitro experiments to explore the growth inhibition of human bladder cancer cells by isoquercitrin. In these experiments, we detected the expression of related proteins and genes to analyze the possible signaling pathways by which isoquercitrin inhibits the growth of human bladder cancer cells and to provide the basis for isoquercitrin development and application.
It is not uncommon for flavonoid drugs to inhibit tumor cell proliferation. our group extracted the flavonoid, isoquercitrin, from Bidens and used different concentrations of isoquercitrin to treat human bladder cancer cells, followed by MTT assay to detect the effect of this flavonoid on cell proliferation. We found that when isoquercitrin concentrations exceeded 100 µM, increasing concentrations led to gradually augmented inhibition of human bladder cancer cells, with 400 µM isoquercitrin showing the most significant inhibitory effect on the proliferation of human bladder cancer cells. These results suggest that isoquercitrin can inhibit human bladder cancer progression in vitro in a concentration-dependent manner. In our in vivo experiments with isoquercitrin-treated nude mice, the tumor formation rate was decreased and the tumor growth was inhibited. This outcome suggests that isoquercitrin can inhibit the progression of bladder cancer in vivo. Through in vivo and in vitro experiments, we found that certain concentrations of isoquercitrin can inhibit bladder cancer cell proliferation and that this inhibition is concentration-dependent and shows a linear relationship within a certain concentration range.
The mechanism of bladder cancer tumorigenesis and development is unclear. It has been reported that approximately 32 genes are involved in the recurrence of bladder cancer; many of these genes participate in cell cycle regulation and promote the abnormal proliferation of bladder cells, with some genes affecting bladder cancer cell apoptosis by regulating a number of kinase pathways (24) . Among these signaling pathways, the PI3K/Akt/mToR and RTK/MAPK pathways play an important role in bladder cancer tumorigenesis and development (25, 26) . In the present study, we used Annexin V/PI double-staining flow cytometry to detect the state of bladder cancer cell apoptosis after 48 h of isoquercitrin treatment and found that isoquercitrin induced the apoptosis of human bladder cancer cells in a concentration-dependent manner. Apoptosis occurs mainly through two pathways, namely, the death receptor pathway and the mitochondrial pathway (27) (28) (29) . Caspases are a class of cysteine-dependent aspartate-specific proteases. In normal cells, the caspases are expressed as inactive plasminogens, and once activated, they participate in the initiation and implementation of apoptosis. Caspase-9 functions in a relatively upstream stage of apoptotic signal transduction, and its activation leads to the activation of caspase-3 and caspase-8 downstream, thus inducing the caspase cascade, stimulating the subsequent apoptosis signal, and initiating apoptosis. We found that after isoquercitrin treatment, the levels of caspase-3, caspase-8, and caspase-9 in bladder cancer cells were significantly increased, indicating that isoquercitrin induces apoptosis by activating the caspase family in human bladder cancer cells. Tumor growth is caused by cell cycle disorders due to multigene changes. There are two important checkpoints in the cell cycle regulatory mechanisms; these points occur in the G1 and S phases. The arrest of tumor cells in the G1 or S phase represents an important mechanism to obstruct tumor cell development (30, 31) . Our study used flow cytometry to analyze the changes in the cell cycle of human bladder cancer cells after isoquercitrin treatment, thus identifying the mechanisms by which isoquercitrin induces the inhibition of human bladder cancer cell proliferation. We found that after isoquercitrin treatment of human bladder cancer cells for 48 h, the percentage of tumor cells in the G1 phase was increased. This increase indicated that the cells were arrested in the G1 phase, thus showing that isoquercitrin prevents the G1 to S and G2/M phase transition in human bladder cancer cells.
The PI3K/Akt signal transduction pathway is involved in the occurrence and development of various tumors (32) . The PI3K family of proteins plays a role in the regulation of many cellular functions, including cell proliferation, differentiation, and apoptosis, as well as glucose transport. An increase in PI3K activity is often associated with a variety of cancers. Akt phosphorylates target proteins via a variety of downstream pathways, causing anti-apoptotic effects. Akt can also inhibit the activity of the protease caspase-9, thus preventing the activation of the apoptosis cascade. The tumor suppressor p53 is a transcription factor and can regulate apoptosis, DNA repair and cell cycle arrest. Akt can phosphorylate the p53-binding protein MDM2 to affect p53 activity. Phosphorylated MDM2 translocates to the nucleus to bind with p53, thereby increasing p53 protein degradation and affecting cell survival. Overall, the PI3K/Akt signaling pathway can inhibit tumor suppressors and regulate the cell cycle to promote tumor cell proliferation and affect tumor metastasis and recurrence. We discovered that the PI3K/Akt pathway is also involved in the occurrence and development of bladder cancer (14, (33) (34) (35) , and approximately 40% of the gene changes in transitional cell carcinoma are through the PI3K/Akt signaling pathway. PI3K/Akt pathway activation plays an important role in inflammation, apoptosis, the cell cycle and cell differentiation; abnormal activation of the PI3K/Akt pathway is closely related to tumorigenesis. Studies have shown that PI3K/Akt shows sustained activation in many human tumors, and PI3K/Akt inhibitors can inhibit the occurrence and development of bladder cancer (36) . Our study found that isoquercitrin significantly inhibited the phosphorylation of PI3K and Akt proteins, suggesting that isoquercitrin may play a regulatory role in human bladder cancer cell proliferation and apoptosis via the PI3K/Akt signaling pathway.
PKC not only forms the central hub of a variety of signaling pathways participating in signaling transduction, secretion, and cell differentiation and proliferation but also has various effects on the proliferation and differentiation of a variety of tumors. Recent studies have reported that PKC can promote the proliferation, differentiation and migration of bladder cancer cells. Thus, PKC is closely related to the biological behaviors of bladder cancer (37) . Through our experiments, we found that isoquercitrin significantly reduced the expression level of phosphorylated PKC. Therefore, we speculate that isoquercitrin may affect the progression of bladder cancer via the PKC signaling pathway.
In conclusion, isoquercitrin inhibits the progression of human bladder cancer. Therefore, isoquercitrin may provide the theoretical basis for the identification of novel antitumor drugs for the treatment of bladder cancer.
